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Nanospectroscopy simply refers to performing spectroscopy
with nanometer spatial resolution. With the emergence of the
nanotechnology concept, studying phenomena at nanometer
scales has become an important field of research. Spectroscopy
studies the interaction of electromagnetic radiation with matter,
and to study phenomena at nanometer sizes, it should be con-
fined to the nanometer scale. However, because of the diffrac-
tion of light, it is not possible to achieve spatial resolution lower
than approximately 200 nm in the visible region of the spec-
trum. Overcoming the diffraction limit has long been investi-
gated for imaging with optical microscopy, and with the emer-
gence of the nanotechnology concept, use of spectroscopic
techniques using electromagnetic radiation to monitor phenom-
ena at a sub-100 nm limit has gained increasing interest.

Being able to monitor molecular phenomena below the
diffraction limit may lead to fundamental understandings of
many chemical and biochemical molecular processes, which
may have a tremendous impact in almost all scientific and
technological fields. Among the spectroscopic techniques, vi-
brational spectroscopy and, more specifically, Raman spec-
troscopy and its modes can be used to study molecular phe-
nomena at the nanometer scale. With the help of nanometer-
size plasmonic structures, it is possible to break the diffraction
limit of light, which allows the monitoring of the local envi-
ronments of these nano-structures. In this context, there is a
growing research effort to use tip-enhanced Raman scattering

(TERS) and surface-enhanced Raman scattering (SERS) to
study phenomena at the nanometer scale. Whereas a tip is
used as an enhancement element in TERS, a nanostructured
noble metal surface or colloidal particles are used in SERS.
The localized surface plasmons of these nanostructures, which
are the crucial elements in enhancement of Raman scattering
and sensing, help to achieve nanometer-size spatial resolution.

Because a Raman spectrum is like a fingerprint for a mol-
ecule or molecular structure, it can be used for label-free de-
tection and identification of molecules and molecular struc-
tures. Because it applies to all analytical chemistry fields, the
implications of nanospectroscopy in bioanalytical applica-
tions could also be enormous. The importance of achieving
high sensitivity and spatial resolution becomes more apparent
for the detection and identification of biomolecules,
biostructures, and organizations in complex biological envi-
ronments. For example, the detection of an end product
of gene expression or drug metabolism in a body fluid
can be a challenging task, especially when its concen-
tration is extremely low. When quantification of such
analytes is required, it becomes more time consuming
and expensive. Currently, realization of such objectives
requires extensive use of molecular techniques along
with high-cost instrumental techniques, for example
mass spectroscopy. As nanospectroscopy evolves, new
approaches using it to detect, identify, and quantify bi-
ologically relevant molecules and molecular structures in
complex samples become more evident.

This topical collection of articles covers instrumentation-
related aspects, characterization of nanometer-size biological
domains, and biosensing. The review and original research
papers in this collection give an insight into recent research
efforts in the field. One of the most powerful techniques that
can collect molecular fingerprint information at sub-
nanometer resolutions is TERS. However, the technique has
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tip-related disadvantages including low enhancement, stabili-
ty, and reproducibility. An excellent review addressing tip-
related challenges in the use of this technique is included in
the collection. Another interesting approach was to use TERS
to measure local temperature at nanoscale obtained from the
complete Raman spectrum. The report describing resolving
of binary self-assembled thiol monolayers with TERS
demons t ra tes the power of the techn ique for
nanospectroscopy applications. Original research papers
demonstrating the use of vertical plasmonic dimers for
biosensing, a microfluidic paper-based SERS platform
for determination of glucose level in blood, and a
SERS-based detection of caffeine metabolites and iden-
tification of urinary-tract-infection-causing bacteria on
the basis of their growth profiles are excellent examples
of recent research efforts in the field. In another original
research contribution, the local complex molecular envi-
ronment of gold nanostars in animal skin is demonstrat-
ed, which provides clues for the future use of gold
nanoplasmonic structures in medicine.

In the future, it is clear that nanospectroscopy will have a
substantial impact on the fundamental understanding of nano-
scale phenomena. The first to benefit from such advances are
bioanalytical applications. It will not only increase the sensi-
tivity for detection of minute amounts of biologically impor-
tant molecules, but also enable probing and characterization of
nanodomain biostructures. The latter might have a special
impact on single-cell analysis which aims to reveal cellular
bioprocesses in a single living cell.

The relevance of nanospectroscopy is also highlighted by the
European COST Action MP1302 Nanospectroscopy, which

aims at building a network of European expertise on all aspects
of the topic. It currently unites nearly 200 experts from research
and industry in over 30 countries. The Action aims at promoting
UV/vis/NIR and Raman nanospectroscopy with (ultra-)high
spatial, temporal, and spectral resolution and sensitivity, their
application to novel (hybrid) organic and inorganic materials
and nanostructures, and the modelling of light-matter interaction
at the nanoscale. For information on the Action and how to join,
visit http://cost-nanospectroscopy.eu/.
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